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NON-THROMBOGEHIC AND ANTI-THROMBOGENIC POLYMERS 



SUMMARY OF INVENTION 



This invention relates to the synthesis of polymers which 
contaxn non-thrombogenic (NON-TH) as well as anti-thrombogenic 
(ANTI-TH) properties. Such polymers can be conveniently 
represented as follows: 



POLYMER BACKBONE 



POLYMER BACKBONE 



) and 
( 



) ) 
[NON-iH] lANTI-TH] 
''yP^ ^ Type 2 

in schematic diagrams of this kind, as used herein, the 
designated side chains or groups can occur in any order and in 
any relative proportions along the polymer backbone. 

in polymers of Type 1 the non-thrombogenic (NON-TH) component 
may consist of non-ionic hydrophilic domains, ionic domains, 
zwxtterxonic domains or combinations of such domains. in novel 
Type 1 polymers in accordance with the invention, such 
non-thrombogenic components may be selected from, but are not 
ixmxted to, polymerisable sulphonates, polymerisable sulphates, 
polymerisable N-sulphates (also known as sulphamates ) , 
polymerisable zwitterionic compounds, and polymerisable 
polyethylene glycols. When we synthesised polymers of Type 1 
Without the anti-thrombogenic component, and coated various 
medical devices, we found blood cell and protein deposition 
reduced by greater than 90%. Greatly reduced (>95%) activation 
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of white cells, platelets and complement was observed. This 
type of synthetic polymer can be described as a 
non-thrombogenic polymer. 

The non-thro^bogenic Type 1 polymer, as described, was 
synthesised with polymerisable Heparin to give a Type 2 
polymer. Surprisingly, the activity of the heparin was 
ITir".'" ' ""^ P°ly-rs. When coated 

the th b" --^^^""-l P-Perty o£ reducing 

the thrombxn-antithro,rt.in complex concentration. This 
inclusion of heparin into the non-thrombogenic polymer gave a 

:::p::ti::: — -hibited a„ti-tHromboge:ic 

ZTlT '"^^ invention is the process by which the 

::::carr!:::: °" - are coated o„to 

BACKGROUND TO THE INVENTION 

There is a growing interest in the use of artificial materials 
xn clxnxcal practice where these materials are in continuous 
contact wxth blood. Medical devices made from these materials 
are reguxred to perform in the harsh biological environment in 
a specxfxc applxcation, for a specific duration without 
stxmulating a biological response which may prove to be 

by the bxologxcal environment for a specific application and 
duratxon, xe need to be bioacceptable . Improvements in 
bxoacceptability are highly desirable for medical devices 
manufactured from artificial materials. Such materials 
commonly include polyvinyl chloride, polyethylene 
polypropylene, polyurethanes , polycarbonates, stainless steel, 
sxlxcones and the like. The biological response to blood 
contact with an artificial surface can be regarded in terms of 
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different contributions from protein, platelet and blood cell 
deposition, together with platelet and blood activation leading 
to thrombus formation. 

Many investigations have been carried out to prevent an 
artificial surface from provoking thrombus formation, ie to 
form a bioacceptable surface. Such investigations include the 
use of polymers which are natural, hydrophilic, hydrophobic, 
zwitter ionic and charged (anionic and cationic). These types 
of polymers are non-thrombogenic , have had limited success and 
therefore application. Surface modification of an artificial 
material by heparin (ie formation of an anti-thrombogenic 
surface) has also proved to be intractable. Although clot 
formation has been reduced, platelet activation and blood cell 
activation are however still prevalent. Similarly, a 
particular artificial surface may be resistant to protein, 
platelet and blood cell deposition but may still activate blood 
constituents . 

Each surface, whether non-thrombogenic or anti-thrombogenic, 
has its own profile of desirable bioacceptable properties, but 
no particular material possesses the full spectrum of the 
desired properties. 

Additional disadvantages of some of the known approaches are 

(X) the procedures used to produce these materials are complex, 

(XI) the methods of applying these materials to the medical 
devxce are elaborate, and (iii) these processes utilise 
reagents which are highly toxic, even in minute quantities. 

In a new approach to the problem of finding suitable 
bxoacceptable materials, we have synthesised a novel 
non-thrombogenic polymer, and have also modified 
non-thrombogenic polymers by incorporating a polymerisable 
anti-thrombogenic compound, exemplified by polymerisable 
heparin. it was found that heparin activity was maintained. 
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while the „on-thro,nbo9enity of the polyne. component 
prevalent other known biologically active anti-thrombogenic 

c^r r^'""' hyaluronic acid, a^^ 

can be used ^„ the same manner as the polymerisable heparin. 

THE INVENTION 

one embodiment of the present invention provides polymers 
comprising a polymer backbone having pendant groups, obtainable 
by polymerxsing monomers having such groups, charac;eri.erxn 

It least .h !"'"' -polymerizing monomers of 

at least three different classes selected from: 

(a) monomers having sulphate groups 

(b) monomers having sulphonate groups 

(c) monomers having sulphamate groups, and 

(d) monomers having polyoxyalkylene ether groups. 

Another embodiment of the present invention provides polymers 
comprising a polymer backbone having pendant groups, obtainable 
by polymerising monomers having such groups, characterized in 
that said polymers are obtained by copolymer i zing monomers of 
at least three different classes selected from: 

(a) monomers having sulphate groups 

(b) monomers having sulphonate groups 

(c) monomers having sulphamate groups 

(d) monomers having polyoxyalkylene ether groups, and 

(e) monomers having zwitterionic groups. 

A further embodiment of the present invention provides a method 
of forming a coating of a polymer as described above on a 
medical device by forming an ungelled partial polymer by 
reacting a solution of an amine polymer with a crosslinking 
agent, activating the medical device by solution coating with 
said partial polymer, and depositing the polymer on the 
resulting activated medical device. 
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The present invention also provides a coating material 
comprising a polymer as described above. 

li^lZloTT' "° """"^ "-^"^ - explanation of the 

invention, it appears that non-thrombogenio surf.,.^. „ 

::=i~ ti:i:: — -^onta^nL::-:: an 

manner and extent of T ^"^^^'^"^^ ^"^^^^^ determines the 
extent of protein attachment. 

For hydrophobic surfaces, attachment occurs bv hvH k u- 

interaction resulting in further orotei! T P"^"*^*^" 
sequence of events has a PronlnceT u::::^^^^^ !*"^ 
Platelet adsorption/activation and white ce!! s rpTT n^r 
oT:~. °^ — - .he^o^tion 

Protein adsorption on hydrophilic s«»-fa^« • 

rapidly reversible than on hyd^^c :::f::er\:"'"' ^"^ 
reversibility is deter:ni„ed by the nature ff ^H I °' 
in the e,uilibriun state. ;.t high states J, 
protein adsorption is not prevail! a^d ! "^^^^^^^V' 
and White cell adsorption/activation" """^^^"^""^ P^"-^" 
thrombus formation is averted P«ve„ted. Therefore, 

This type of hydrophilic surface is reaa,-H»,< u • 
non-thrombogenic and in this respect "e^e f^uL""' 
artificial hydrophilic polymer wLh at le^It three . ^ 
types Of hydrophilic groups which incLde but a" . 
restricted to, sulphonate, sulphate « h 

zwitterionic orouo, .„h , '■P""''' ""SUlPhate (sulphamate) or 
units i^thl sZ 'l ^"^^"hylene glycol or glycol ether 
in tne same polymer backbone. 
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in one embodiment of the present invention the non-thrombogenic 
polymer is obtainable by radical polymerisation, preferably of 
monomers having reactive carbon-carbon double bonds to form the 
polymer backbone and said monomer constituents containing, but 
not limited to, sulphonates, sulphates, N-sulphates 
(sulphamates), zwitterions, and polyethylene glycol units 
these monomer constituents being contained in the same polymer 
composition. Such monomers may be separated into three groups. 

The first group is based on monomers derived from acrylates or 
methacrylates of sulphonates, sulphates and N-sulphates: 

1) CH2=CRi-C(=0)-Zi-R2-Yi-Xi 

Where is H or CH3; 

R2 is a linear or branched alkylene of 2-10 
carbon atoms, phenylene, phenyl alkylene with 
1-10 carbon atoms in the alkylene structure or 
the polyoxyalkylene structure [CHj-CHRi-Olj, 
where is H or CH3 and n is from 2 to 5o" 
Zi is oxygen (-0-) to give an ester linkage or 
secondary amine (-NH-) to give an amide linkage ,- 

is (-0-) or (-NH-) or is absent; and 

is sulphonate (-803") 
together with an acceptable balancing cation. 

The second group is based on monomers derived from vinyl, allyl 
or methyl allyl, of sulphonates, sulphates and N-sulphates: 

2) CH2=CRi-R2-Yi-Xi 

Where R^ is H or CH3; 

R2 is a linear or branched alkylene of 1-10 
carbon atoms, phenylene, phenyl alkylene with 
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1-10 carbon atoms in the alkylene structure or 
the polyoxyalkylene structure ICH.-CHR^-Ol 
where a 

Rl is H or CH3 and n is from 2 to 50; 
Yi is (-0-) or (-NH-) or is absent; Lnd 

is sulphonate (-SOj") 
together with an acceptable balancing cation. 

In both groups of monomers (l) and (2) 
when y, is /_o \ 4.u ' 

1 IS ( 0-), the monomer terminates in a 

sulphate group; 

Yi is (-NH-), the monomer terminates in a 
N-sulphate group; 

R2 and are not present, the monomer 
terminates in a sulphonate group- 

R2 is polyoxyalkylene and Y, is not present, the 
monomer terminates in a sulphate group. 

The third group of monomers is derived from acrylates or 
methacrylates of polvoxvalkvi«„^ •> , ^yj-ates or 

polyoxyalkylene glycols or glycol ethers: 

3 ) CH2 =CR3 -C ( =0 ) -O- f CH2 -CHRj -O ] ^-R^ 



Where 



B3 -nd R„ Which may be the saioe different, 
are each B or CB3. « or alkyl with 1 to 5 

carbon atoms, eg methyl, and 
n is an integer from 2 to 50. 

Monomer examples incorporatino sulnh„„ . 

are not restricted to. salts If '""""^ 

suxphonate. aiiyi ^^^JL:::::^^ --^ 

P-3tyrene sulphonate, -acrylamido-methylpropa:e::i:h;nate. 
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3-sulphopropyl ethoxy methacrylate , 3-sulphopropyl ethoxy 
acrylate, 3-sulphopropyl polyoxyalkylene methacrylate, 
3-sulphopropyl polyoxyalkylene acrylate. 

Similarly, examples of monomers terminating in sulphate groups 
include, and are not confined to, salts of: 

2- sulphatoethyl methacrylate, 2-sulphatoethyl acrylate 

3- sulphatopropyl methacrylate, 3-sulphatopropyl acrylate 
4.sulphatobutyl methacrylate, 4-sulphatobutyl acrylate, allyl 
sulphate, methyl allyl sulphate, 3-buten-l-sulphate, 
3-buten-2-sulphate, 2-methyl-2-propane-l-sulphate 
2-methyl-3-buten-l-sulphate, 3-methyl-3-buten-l-sulphate 

2- sulphatoethyl methacry lamide , 2.sulphatoethyl acrylamide 

3- sulphatopropyl methacrylamide , 3-sulphatopropyl acrylamide, 

4- sulphatobutyl methacrylamide, 4-sulphatobutyl acrylamide, 
sulphate polyoxyalkylene methacrylate, sulphate polyoxyalkylene 
acrylate. 

Examples of N-sulphate (sulphamate) containing monomers 
include, but are not limited to, salts of: 

2- sulphamatoethyl methacrylate, 2-sulphamatoethyl acrylate 

3- sulphamatopropyl methacrylate, 3-sulphamatopropyl acrylate 

4- sulphamatobutyl methacrylate, 4-sulphamatobutyl acrylate 
allyl sulphamate, methyl allyl sulphamate, 2-sulphamatoethyl 
methacrylamide, 2-sulphamatoethyl acrylamide, 
3-sulphamatopropyl methacrylamide, 3-sulphamatopropyl 
acrylamide, 4-sulphamatobutyl methacrylamide, 4-sulphamatobutyl 
acrylamxde, sulphamato polyoxyalkylene methacrylate, sulphamato 
polyoxyalkylene acrylate . 

The salts used to form the polymers according to the invention, 
including those listed above, will have an acceptable, 
especially physiologically acceptable, balancing cation such as 
an alkali metal (eg sodium) cation, or an ammonium or 
substituted ammonium cation. Hydrogen cations usually provide 
a polymer that is too acidic for the preferred use. 
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other exa™,ples of non-thromboge„ic polyners include those in 

rormulations . For #*■yamr^1» 4.u auuve 

for example, the non-thrombogenic nol^m^^^ 
contain any zwitterioni,. "genic polymers can 

"y -twitterxonic monomer as an intear-ai ^ 
polymer backbone. The zwitterion-- ^^^^^^^^ P^^^ of the 

1 ^ zwitterionxc monomers mav al^^ k« 

included in the non-thrombogenic /antithrn^H. 
Such zwitterionic n,on« "^c/antithrombogenxc polymers, 

^witterionic monomers include, but aT-«> i • • 

2-{methacryloyloxyethyl)-2.-(trim!^H r "^^'^^'^ 

inner salt and dimethyl\2 J"^^"^^^^^^— ethyl phosphate 

-t-metnyi ( 2-methacryloylethyl ) - r i_ /p- 
sulphopropyl), ammonium betaine inner salt 

A wide range of monomer compositions can be utilised in 
formation of the non-thrombogenic polymer Such ! T 
contain, and is not limited to 1 I I Polymer may 

constituents. The ter-^ol^e:'. 1, '^"^^^"^ 
tetra-polymer (4 differ!. ^afferent monomers) and the 

f j-yraer (4 different monomers) are formul^ifr^H 4: 
respectively of at^ 4. formulated from 3 or 4 

one .....j.:/Zo::i%iT t:::i: " ^^-^ 

t.Pe an. at ieast one J^^y:^^llZlZZTZT .Tl^ 
final polymer composition Th^<, r,«i ® 
accordingly be scLmati::;iy L^.L^'^d ^^"^^^^^^^'^ 
relative frequency and the Ldir r " "^""^ 

type are variable rbeir T °"°"--ence of each monomer 

variaoie (bexng random co-polymers » Tr, « • 
anions shown are balanced by acceptabir ! instance 
mentioned above. acceptable cations, such as those 
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iii) POLYMER BACKBONE 



b) 







) 

NHSO3 


) ) 
\ ( 

SO3 tCHj-CHR^-OJ^-CHj 




iv) 




POLYMER BACKBONE 






) 
( 

NHS03' 


) ) 

( ( 
SO4- SO3 


tetra-polymer 






POLYMER BACKBONE 



! ) ) ) 
< { ( ( 

NHSO3 SO3- SO4- [CH2-CHR^-0]jj-CH3 



The above co-polymerised monomer compositions are examples of 
non-thrombogenic (NON-TH) polymers represented above as Type 1. 

In another aspect of this invention the non-thrombogenic 
component is accompanied by a polymerisable anti-thrombogenic 
component such as polymerisable heparin in the same polymer 
backbone, and said anti-thrombogenic component in its bioactive 
form being carried by an integral part of the aforementioned 
polymer backbone. 

Functionalisation of heparin by methacrylation of heparin is 
known (ACS Symposium Series 77; Carbohydrate Sulphates, 1978). 
Subsequent known polymerisations with other monomers give rise 
to anti-thrombogenic polymers only, containing no 
non-thrombogenic component (of the kind referred to herein). 

This aspect of this invention accordingly provides a polymer 
containing non-thrombogenic and anti-thrombogenic constituents 
on the same polymer backbone. Preferred non-thrombogenic 
constituents may comprise sulphate, sulphamate, sulphonate. 
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zwitterionic and pclycxyalkylene glycol and glycol ether 

«»j-xy tne carbon-carbon double bond cai-r-ioH k 
heparin .oie.y is poly.erisable by a free "aic!! " 
■nay be by way of exanple vinyl allvl .^ f ^""^ 
or .ethacrylate. HepLin iZk;., to a 

Polyn-erisable -rbon!carbon Inbie bo„r:rr" T""'"'"' ' 
to as heparin monomer. Correspondino ™ ""^^"^"^ "^«-<i 
heparin is replaced by hirudin CarfLrr""." ""^ 
-ieties be used in li.e I^n^er ""-^"-n ic acid 

The favoured heparin monomers +.k 

linked to a Polyo^^yalkyierierhacryrire^L'"':'' 

acrylate through an ester or carboZtrr ^ Polyoxyalkylene 

carbonate linkage is forced brictTatinrth''; ^"^^ 

terminating polyoxyal.ylene ".ethacrTlaL or acrvLT'' ■ h 
carbonyldiimidazfti « * ^yj-ate or acrylate with 

Which Lbs:™ Is riTh": : r:''"^' '-"""^^ 

the heparin molecule t^ yilL In ' " '-"P^ of 

h.dro.yi groups of the :tt 

linkage. This means of attachina ? carbonate 

n.ethaorylate or acrylate orouo r ! P°'^°''>'^1''^1«>« 
Of the heparin with th" de^LId Lr"^'°/"°"^ Polymerisation 
coupling technigues as ^llX^lTZTnZlT'^'^' ' 

biological propertfes sln~ T " ""'^^•"^'^ " poor 

,.oups are im^rtant ^:Z^-::^^-^-'-^ 

Preferred heparin monomers include. * . 

formula: include those of the following 
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(1) With ester linkage to heparin 

CH2=CR3-C(=0)-0-CH2-CHR6-tO-CH2-CHRg-j„-0-C(=0)-Heparin 

(2) With carbonate linkage to heparin 

CH2=CR5-C(=O)-O-CH,-CHRg-t0-CH2-CHR,-J„-O-C(=0)-O-Heparin 

in both general formulae, R^ and R,, which may be the same or 
different, are each H or CH3; and n is an integer from 0 to 49. 

IT'Z'T'' preferred heparin monomers are those derived from 
polyethylene oxxde units, that is to say where R^ is H. 

The heparin monomers <1) and (2), as above, are novel and are 
other aspects of this invention and may be produced by reacting 
rirc7n 'r"^'^ Polyoxyalkylene with carbonyldiimidazole 
IIin-C(=0)-lm] to form the activated imidazoyl carbonate: 

CH2=CR3-C { =0 ) -O-CH2-CHR6- I O-CH^-CHRg- ] „-0-C ( =0 ) -Im 

where R5, Rg and n have the meanings given above, 

this being followed by the coupling of the activated imidazoyl 
carbonate to heparin under basic pH conditions using 
bicarbonate buffer at room temperature. 

The heparin monomer is polymerised with the aforementioned 
monomer of sulphate, sulphamate, sulphonate and 

polyoxyalkylene, producing a polymer with both non-thrombogenic 
and antx-thrombogenic properties. This polymer composition may 
contain 4 to 5 of the different types of monomer constituent. 
The tetra-polymer (4 different monomer types) and the 
Penta-polymer (5 different monomer types, are so formulated 
from 3 or 4 respectively of at least one sulphate monomer type, 
at least one sulphonate monomer type, at least one sulphamate 
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monoxner type, and at least one polyoxyalkylene monomer type, 
together with at least one heparin monomer type, in the final 
polymer composition. This polymer composition can accordingly 
and'th'^'f represented as follows, the relative frequency 
and the order of occurrence of each monomer type being 
variable in each instance the anions shown are balanced by 
acceptable cations, such as those mentioned above 
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These non-thrombogenic/anti-thrombogenic (NON-TH/ANTI-TH ) 
polymers are of the kind represented above as Type 2 . 

Polymerisation may be carried out by conventional aqueous 
solution polymerisation using a water soluble initiator, such 
as potassium persulphate, after degassing the solution and 
under an inert gas, such as nitrogen. Reaction temperature for 
polymerisation is at room or elevated temperature, provided 
that the heparin biological activity is not affected. The 
preferred polymerisation temperature is one between 15 to 90 °C 
and generally a polymerisation temperature of 75-C is suitable' 
The polymer may be purified by conventional means, such as 
precipitation, filtration wash and dialysis. 

The aforementioned non-thrombogenic polymer or the 
non-thrombogenic/anti-thrombogenic polymer according to the 
invention is capable of being applied as a coating on medical 
devices for use in blood-contacting applications. In this 
regard, another aspect of this invention is the modification of 
polyethylene imine or other primary or secondary amino 
containing polymers to an extent that they form a stable 
attachment between the medical device and the non-thrombogenic 
polymer or the non-thrombogenic/ anti-thrombogenic polymer. 

The use of unmodified polyethylene imine as an anchoring point 
for heparin is known, EP 0124676. In these processes the 
medical device requires chemical pre-treatment to allow 
attachment of polyethylene imine to occur. Additionally, 
multi-layers are built up on the device to ensure good coverage 
and to enhance the stability of the attachment. These are 
disadvantages which have severe impact on the performance and 
the coating process. The heparin attached is grafted onto the 
external polyethylene imine layer where surface covering is 
limited. There is predominately preferential ionic bonding of 
the heparin to the polyethylene imine. in such instances the 
heparin may be released from the surface. This coating 
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requires repeated steps to ensure that the polyethylene i„i„e 
.s bound effectively. This has the constraint of Increasing 

Incurred ^"^""^ "'"'^^ "'^^ ^'"9 

TO overcone the disadvantages mentioned above „e have devised a 
method for modifying primary or secondary anine polymers 
^cludxng polyethylene in,ine which can be attached lo the 
^dxcal dev.ce without any pre-treat.ent and can be carried out 

weight Of the amine poly,„er, but to a United extent, whereby 
the polyner does not gel, but regains in solution. klf^n 
for instance, be achieved by crosslin.ing the a.ine. e^by 
treatment with a crosslin>cing agent, such as an al.yleL 

cr: : i::: ""-^ ^" ^"-^^ isocyanate. The'isocyanate 

crosslinking agents mentioned above react very quickly with th» 
amino groups, but other crosslinking agents tha! a:e relet ve 

u" teT:: ^hese include, but are not 

limited to, diacids, diaoid chlorides and cyclic anhydrides or 
dianhydrides. Generally there will be 4 to IS carbol atoms 
between the active groups of the crosslinking agents. By 
ma"n":r\": is' '■^"^^^ — °' ^"e amine polymer i^ this 
Tuff III \, " °' "'^"^hina to a suitable medical device 
sufficiently to allow attachment of the non-thrombogenic 

H:ncT:hroT ""-'"'^'^--^^'-^-''-^ogenic pLymer. 

two ste': 1 '°r"' ^"•^^'^ essentially achieved in 

two steps, as opposed to multiple steps. 

Attachment of the polymer to the polyethylene imi.^ 

sohiff s base Which is reduced to form a stable covalent bond. 
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Alternatively the non-thrombogenic/anti-thrombogenic polymer 
may be attached to the modified polyethylene imine by ionic 
interaction. 

The invention is illustrated by the following Examples, which 
are not intended to restrict the scope of the invention. m 
the Examples, concentrations are expressed as percentages 
wexght/ volume, i.e. grams weight per 100ml of solution. 

The structure of the polymers whose preparation is identified 
xn the following Examples can be confirmed by the presence of 
certaxn peaks in their FTIR spectra. These peaks include: 



carbonate 
methacrylate 
carboxylic acid (sodium 
salt or ester) 
carbohydrate hydroxyl 
C-O-C link in ester 



1745.7 cm-1 

870 cm~^ and 970 cm~^ 

1609.8 cm~l 
3500 cm-1 
1250 cm-1 



Examp1«» 1 



Methoxy polyethyleneglycol methacrylate (MPEG METH., n=l3 
9.0g), ammonium sulphatoethyl methacrylate (25% aqueous 
solution, 45g) and vinyl sulphonic acid sodium salt (25% 
aqueous solution, 13g) were added to a 250ml conical flask 
The contents of the flask were degassed for 30 minutes, 
followed by bubbling with nitrogen and then heating to ISOq 
Potassium persulphate (lOOmg) was dissolved in water (15ml) and 
added to the flask to start polymerisation. The reaction was 
allowed to continue for 15 minutes after which a very viscous 
solution was obtained. The reaction was stopped by pouring the 
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contents of the flask into a beaker containing cold water 
(100ml). The resultant polymer was dialysed against 10 litres 
of water in cellulose acetate membrane, M.W. cut off at 12,000 
to 14,000. The polymer was removed and concentrated to 150ml 
and stored at S^C. The anionic portion of the polymer 
composition can be illustrated as follows: 



POLYMER BACKBONE 



^ > 
< _ < ( 

SO3 SO4- ICH2-CH2-0]j3-CH3 



Methoxy polyethyleneglycol methacrylate (MPEG METH., n=13, 
7.7g), ammonium sulphatoethyl methacrylate (25% aqueous 
solution, 40. 8g) and 2-sulphamatoethyl methacrylamide (25% 
aqueous solution, 22. 4g) were added to a 250ml conical flask. 
The contents of the flask were degassed for 30 minutes, 
followed by bubbling with nitrogen and then heating to 75 "C 
Potassium persulphate (lOOmg) was dissolved in water (15ml) and 
added to the flask to start polymerisation. The reaction was 
allowed to continue for 15 minutes after which a very viscous 
solution was obtained. The reaction was stopped by pouring the 
contents of the flask into a beaker containing cold water 
(lOOml). The resultant polymer was dialysed against 10 litres 
of water in cellulose acetate membrane, M.W. cut off at 12,000 
to 14,000. The polymer was removed and concentrated to 150ml 
and stored at 5»C. The anionic portion of the polymer 
composition can be illustrated as follows: 



POLYMER BACKBONE 



NHSO3 SO4- [CH2-CH2-OJ13-CH3 
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Methoxy polyethyleneglycol methacrylate (MPEG METH., n=13, 
8.6g), 2-sulphainatoethyl methacrylamide (25% aqueous solution 
45. 2g) and vinyl sulphonic acid sodium salt (25% aqueous 
solution, 14. 4g) were added to a 250inl conical flask. The 
contents of the flask were degassed for 30 minutes, followed by 
bubbling with nitrogen and then heating to 75'c. Potassium 
persulphate (lOOmg) was dissolved in water (15ml) and added to 
the flask to start polymerisation. The reaction was allowed to 
continue for 15 minutes after which a very viscous solution was 
obtained. The reaction was stopped by pouring the contents of 
the flask into a beaker containing cold water (100ml). The 
resultant polymer was dialysed against 10 litres of water in 
cellulose acetate membrane, M.W. cut off at 12,000 to 14,000 
The polymer was removed and concentrated to 150ml and stored at 
S-C. The anionic portion of the polymer composition can be 
illustrated as follows; 



POLYMER BACKBONE 



< _ < ( 

NHSO3 SO3- [CH2-CH2-OI13-CH3 



Example 4 



2-Sulphamatoethyl methacrylamide (25% aqueous solution, 16. Og) 
ammonium sulphatoethyl methacrylate (25% aqueous solution, 
59. 6g) and vinyl sulphonic acid sodium salt (25% aqueous 
solution, 18. 4g) were added to a 250ml conical flask. The 
contents of the flask were degassed for 30 minutes, followed by 
bubbling with nitrogen and then heating to 75 °C. Potassium 
persulphate (lOOmg) was dissolved in water (15ml) and added to 
the flask to start polymerisation. The reaction was allowed to 
continue for 15 minutes after which a very viscous solution was 
obtained. The reaction was stopped by pouring the contents of 
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the flask into a beaker containing cold water (100ml) The 
resultant polymer was dialysed against 10 litres of water in 
cellulose acetate membrane, M.W. cut off at 12,000 to 14,000. 
The polymer was removed and concentrated to 150ml and stored at 
5 C. The anionic portion of the polymer composition can be 
xllustrated as follows: 



POLYMER BACKBOHE 



NBSO3- SO,- SO3 



Methoxy polyethyleneglycol methacrylate (MPEG METB., n=13 
9.39), 2-sulphamatoethyl nethacrylamide (25% aqueous solution, 
17.6g), amnionium sulphatoethyl methacrylate (25% aqueous 
solution, 26. 4g, and vinyl sulphonic acid sodium salt (25% 
aqueous solution, 12.89, were added to a 250^1 conical flash. 
The contents of the flask were degassed for 30 minutes, 
followed by bubbling with nitrogen and then heating to 75 "C 

TT"" ^"""^P^"' <1'"""9) was dissolved in water (15»1, and 
added to the flask to start polymerisation. The reaction .las 
allowed to continue for 15 minutes after which a very viscous 
solution was obtained. The reaction was stopped by pouring the 

aoollf ^ containing cold Lter 

(lOOml,. The resultant polymer was dialysed against 10 litres 

ll rnL" «embrane, „.„. cut off at 12,000 

Ind 1: : -«-ved and concentrated to is^ml 

and stored at S'C. The anionic portion of the polymer 
composition can be illustrated as follows: 



POLYMER BACKBOHE 
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EXAMPT.F : 6; THF; FORMftTTON OF ftCTTVATKn TMrna^ ^n y r. taprhmatp 

Hydroxy polyethyleneglycol methacrylate (PEG, n=7, l.Og) was 
added drop-wise to carbonyldiimidazole ( Im-C( =0) -Im; 0.5g) in 
anhydrous dichloromethane to form the activated imidazoyl 
carbonate : 

CH2=C ( CH3 ) -C ( =0 ) -O-CH2-CH2- [ O-CH2-CH2- J 7-0-C ( =0 ) -Im 

The solution was stirred for 3 hours for the reaction to be 
completed and dichloromethane was removed on a rotary 
evaporator . 



EXAMPLE 7; FQRMATTON OP HPPfiR T N MOWnM] g p 

Heparin (injectable grade, 5.0g) was dissolved in 30ml of 
water. The heparin solution was then added to the activated 
imidazoyl carbonate formed in Example 6. The pH of the 
solution was adjusted to 8.5 to 9.0 by using potassium 
bicarbonate and and solution was stirred for 24 hours to form 
the heparin monomer. The solution was then adjusted to pH7 
with HCl. 



EXAMPr.Kff P TO 1 2; THE FORMATION of N^ N-THROMRnnKWTC/AWTT- 

THROMROfiFwyr p^^TiYMTlFff 



Example ^ 

Methoxy polyethyleneglycol methacrylate (MPEG METH., n=13, 
9.0g), ammonium sulphatoethyl methacrylate (25% aqueous 
solution, 45g), vinyl sulphonic acid (25% aqueous solution, 
13g) and the heparin monomer formed in Example 7 (5g) were 
added to a 250ral conical flask. The contents of the flask were 
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degassed for 30 minutes, followed by bubbling with nitrogen and 
then heating to 75»C. Potassium persulphate (lOOmg) was 
dissolved in water (15ml) and added to the flask to start 
polymerisation. The reaction was allowed to continue for 15 
minutes after which a very viscous solution was obtained. The 
reaction was stopped by pouring the contents of the flask into 
a beaker containing cold water (100ml). The resultant polymer 
was dialysed against 10 litres of water in cellulose acetate 
membrane, M.W. cut off at 12,000 to 14,000. The polymer was 
removed and concentrated to 150ml and stored at 5»C. The 
anionic portion of the polymer composition can be illustrated 
as follows: 



POLYMER BACKBONE 



! > ) ) 

SO3" SO4 fCH2-CH2-0]i3-CH3 Hep 



Example* Q 



Methoxy polyethyleneglycol methacrylate (MPEG METH., n=13, 
7.7g), ammonium sulphatoethyl methacrylate (25% aqueous 
solution, 40. 8g), 2-sulphamatoethyl methacrylamide (25% 
aqueous solution, 22. 4g) and the heparin monomer formed in 
Example 7 (5g) were added to a 250ml conical flask. The 
contents of the flask were degassed for 30 minutes, followed by 
bubbling with nitrogen and then heating to 75-C, Potassium 
persulphate (lOOmg) was dissolved in water (15ml) and added to 
the flask to start polymerisation. The reaction was allowed to 
continue for 15 minutes after which a very viscous solution was 
Obtained. The reaction was stopped by pouring the contents of 
the flask into a beaker containing cold water (lOOml) The 
resultant polymer was dialysed against 10 litres of water in 
cellulose acetate membrane, M.W. cut off at 12,000 to 14,000 
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The polymer was removed and concentrated to 150.1 and stored at 
SC. The anxonxc portion of the polymer composition can be 
illustrated as follows: 



POLYMER BACKBONE 



NHSO3- Lo,- [CH2-CH2-0],3-CH3 Lp 



Methoxy polyethylencglycol methacrylate ,„peg «ETH., „.a3. 

3 6g, 2-sulph^atoethyl methacrylanide (25% aqueous solution. 

14.49) and the heparan „onomer formed in Example 7 (5a, were 
added to a 250.1 conical ,las.. The contents of thi £ alHere 
degassed for 30 ninutes, followed by bubbling with nitrogen III 
then heating to 75-C. Potassium persulphate (lOOmg, was 
dissolved in water (15ml, and added to the flask to start 
polymerisation. The reaction was allowed to continue for 15 
minutes after which a very viscous solution was obtained. The 
reaction was stopped by pouring the contents of the flasK into 
wafdi!l '"""l)- The resultant polymer 

Zh " °' ""^^ " cellulose aceta« 

membrane, M.w. cut off at 12,000 to 14,000. The polymer was 
removed and concentrated to 150ml and stored at 5-c The 
"1olL::r'°" ^'^^^ composition can be illustrated 



POLYMER BACKBONE 



< ( ( 

NHSO3- SO3- [CH2-CH2-OJ13-CH3 Hep 
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Example 11 



2-Sulphamatoethyl methacrylanide (25% aqueous solution, 16. Og) 
a^nonxun, sulphatoethyl methacrylate <25% aqueous solution 

"'t^i'aldTi -"i- "1* ("» aqueous soi:tlon, 

18 49, and the heparxn „,ononer formed in Example 7 (5g, were 
added to a 250ml conical tlasK. The contents of the na' ^ere 

:r::t tTv^iiT' -^-^ 

! Potassium persulphate (loOmg) was 

dissolved in water ,X5ml, and added to the flaslc to start 
polymerisation. The reaction was allowed to continue for 15 
minutes after which a very viscous solution was obtained. The 
reaction was stopped bv Dourinrr 

a beaker oon^. • , Pourxng the contents of the flask into 

Ls d 1 ^"""^ The resultant polyxner 

was dxalysed against 10 litres of water in cellulose acetalT 
membrane, M.W. cut off at 12 onn i^ ««« acetate 
remou^^rf .r.M 14,000. The polymer was 

removed and concentrated to 150ml and stored at S^C The 

:r::no::r'°" " composition can be i;iustrated 



POLYMER BACKBONE 
NHSO3- SO4- SO3 Hep 



Exainplo TP 



Methoxy polyethyleneglyool methacrylate ,„PEG METB.. n.l3, 
9.3g, 2-sulphamatoethyl methacrylamide ,25* aqueous solution. 
I'.eg , ammonium sulphatoethyl methacrylate (25% aqueous 
solution. 26.4g,, vinyl eulphonic acid sodium salt "2=* aqueous 
solution. 12 sg, and the heparin monomer formed i„ L^Ipir, 

g, were added to a 250ml conical flas.. The contents of Le 
flasH were degassed for 30 minutes, followed by bubbling with 

TooZT ' '° persulphate 

(lOOmg, was dissolved in water ,15ml, and added to the flask to 
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start polymerisation. The reaction was allowed to continue for 
15 mxnutes after which a very viscous solution was obtained 
The reaction was stopped by pouring the contents of the flask 
into a beaker containing cold water (100ml). The resultant 
polymer was dialysed against 10 litres of water in cellulose 
acetate membrane, M.W. cut off at 12,000 to 14,000. The 
polymer was removed and concentrated to 150ml and stored at 
5'C. The anionic portion of the polymer composition can be 
illustrated as follows: 



POLYMER BACKBONE 
^ — - _ _ 

NHSO3- SO3- SO4- [CH2-CHRi-0]i3-CH3 iep 
EXAM PT.f i.S 1 3 ANP 14; MOPTFICftTTON OF POT.YKTHVT.vTgF mm ir V J) 



PEI was supplied as a 50% solution in water by BASF, 
approximate molecular weight is 20,000. 



Example n 



PEI (I40g) was dissolved in 1 litre of isopropanol. 
Hexamethylene diisocyanate (2.8g) was dissolved in 50ml of 
acetone. The diisocyanate solution was added drop-wise to the 
PEI solution. The final solution was then rotary evaporated to 
remove the isopropanol (500ml). 



Examr>1«:> I4 



PEI (140g) was dissolved in 500ml of isopropanol. 
Hexamethylene diisocyanate (1.4g) was dissolved in 50ml of 
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acetone. The diisocyanate solution was added drop-wise to the 
PEI solution. A solution of n-butyl isocyanate {2.0g in 50ml 
acetone) was then added drop-wise to the solution. 



EXAMPLES 1 5 AND If); FQRMATTON OF rot.ttt t qn for r^ftrpj i^r; 

Five mole percent of acrolein is added to the monomer feed in 
the formation of the non-thrombogenic polymer or the 
non-thrombogenic/anti-thrombogenic polymer. This allows 
chemical linkage to the modified polyethylene imine. 



Examp1f> 



The modified polyethylene imine as prepared in Example 13 is 
diluted to give a final composition of 0.23%. The pH of the 
solution is in the region of 9.5 to 10. Samples of medical 
devices, generally tubing, connectors and the like are coated 
by incubating in the solution for 10 minutes, and then washed 
with distilled water. Typically, the tubing may by polyvinyl 
chloride, polyethylene or silicone, and the connectors 
polycarbonate or polyvinyl chloride. 



Example* ifi 



The non-thrombogenic polymer or the non-thrombogenic/ 
anti-thrombogenic polymer is prepared as in the aforementioned 
Examples and is diluted with water to give a final polymer 
concentration of 0.08% (w/v). The pH of the solution is 
adjusted to 8.5 with sodium tetraborate. After the samples 
have been incubated in the modified polyethylene imine, as 
described in Example 15, the samples are incubated in the 
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non-thrombogenic polymer or the non-thrombogenic/ 
washed and tested for haemocompatibility . 

The polyxner fron, Example 1 ( non-throznbogenic polymer) and 
Example 8 (non-thrombogenic/anti-thrombogenic polymer) were 
assessed for haemocompatibility. The results showed that in 
both types Of polymers. Example 1 (non-thrombogenic polymer, 
and Example 8 ( non-thrombogenic /ant i-thrombogenic polymer) 
when coated on medical devices, the blood cell and protein' 
deposxtxon was reduced by greater than 90% and also greatly 
reduced (>95%) activation of white cells, platelets L 
complement activation. Medical devices coated with the product 
of Example 8 (non-thrombogenic/anti-thrombogenic polymer) 
showed the additional property of reducing the 
thrombin-antithrombin complex concentration. 
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CLAIMS 



obta.nable by polymerizing monomers having such groups, characterized in 
n^at sa.d polymers are obtained by copolymerlzing monomers of at least t ree 
different classes selected from: 

(a) monomers having sulphate groups 

(b) monomers having sulphonate groups 

(c) monomers having sulphamate groups, and 

(d) monomers having polyoxyalkylene ether groups 

oht« r,°'r^'' comprising a polymer backbone having pendant groups 
that n ^ ^"'^"""^'"9 monomers having such groups, characterized in 
«^at sa,d polymers are obtained by copolymerizing monomers of at least three 
different classes selected from: 

(a) monomers having sulphate groups 

(b) monomers having sulphonate groups 

(c) monomers having sulphamate groups, and 

(d) monomers having polyoxyalkylene ether groups 

(e) monomers having zwitterionic groups 

3- Polymers according to Claim 1 or 2 characterized in that said monomers 
•n Classes (a), (b) and/or (c) have the formula monomers 

CH2=CRi -C(=0)-Zi -R2-Y1 -Xi 
where ■ 

Rl is H or CH3; 

R2 is a linear or branched alkylene of 2-10 carbon atoms, phenylene. phenyl 
alkylene with 1-10 carbon atoms in the alkylene structure or the 
polyoxy^^^^^^^ structure [CH^-CHR, -O], where R, is H or CH3 and n is from 

f n irrkag^e;' '''' ""'^^^ °^ ^'"'"^ 

Vi is (-0-) or (-NH-) or is absent; and 

is sulphonate (-SO3"). 
together with an acceptable balancing cation. 
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4. Polymers according to Claim 1 or 2 characterized in that said monomers 
in Classes (a), (b) and/or (c) have the formula: 

CH2=CRi-R2-Yi-Xi 

where 

Rl is H or CH3; 

R2 is a linear or branched alkylene of 1 -1 0 carbon atoms, phenylene. phenyl 
alkylene with 1-10 carbon atoms in the alkylene structure or the 
polyoxyalkylene structure [CHg-CHRi-Gln where R^ is H or CHo and n is from 
2 to 50; 

Yi is (-0-) or (-NH-) or is absent; and 

Xi is sulphonate (-SO3"). 

together with an acceptable balancing cation. 

5. Polymers according to any one of Claims 1 to 4 characterized in that the 
monomer containing sulphate groups is selected from salts of 2-sulphatoethyl 
methacrylate. 2-sulphatoethyl acrylate, 3-sulphatopropyl methacrylate, 3- 
sulphatopropyl acrylate. 4-sulphatobutyl methacrylate, 4-sulphatobutyl acrylate. 
allyl sulphate, methyl allyl sulphate, 3-buten-l -sulphate. 3-buten-2-sulphate. 2- 
methyl-2-propane-1 -sulphate. 2-methyl-3-buten-1 -sulphate. 3-methyl-3-buten-1 - 
sulphate. 2-sulphatoethyl methacrylamide. 2-sulphatoethyl acrylamide. 3- 
sulphatopropyl methacrylamide. 3-sulphatopropyl acrylamide. 4-sulphatobutyl 
methacrylamide, 4-sulphatobutyl acrylamide. sulphato polyoxyalkylene 
methacrylate. and sulphato polyoxyalkylene acrylate. 

6. Polymers according to any one of Claims 1 to 5 characterized in that the 
monomer containing sulphonate groups is selected from salts of 2-sulphoethyl 
methacrylate, 2-sulphoethyl acrylate. 3-sulphopropyl methacrylate. 3- 
sulphopropyl acrylate, vinyl sulphonate. allyl sulphonate. methyl allyl 
sulphonate. p-styrene sulphonate. 2-acrylamlde-methylpropanesulphonate. 3- 
sutphopropyl ethoxy methacrylate. 3-sulphopropyl ethoxy acrylate, 3- 
sulphopropyl polyoxyalkylene methacrylate, and 3-sulphopropyl 
polyoxyalkylene acrylate. 



7. Polymers according to any one of Claims 1 to 6 characterized In that the 
monomer containing sulphamate groups is selected from salts of 2- 
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sulphamatoethyl methacrylate. 2-sulphamatoethyl acrylate. 3-sulphamatopropyl 
methacrylate. 3-sulphamatopropyl acrylate. 4-sulphamatobutyl methacrylate 4- 
sulphamatobutyl acrylate. allyl sulphamate, methyl allyl sulphamate, 2- 
sulphamatoethyl methaciylamide. 2-sulphamatoethyl acrylamide. 3- 
sulphamatopropyl methacrylamide. 3-sulphamatopropyl acrylamide 4- 
sulphamatobutyl methacrylamide. 4-sulphamatobutyl acrylamide. sulphamato 
polyoxyalkylene methacrylate and sulphamato polyoxyalkylene acrylate. 

8. Polymers according to any one of Claims 1 to 6 characterized in that 
said monomers in Class (d) have the formula 

CH2=CR3-C(=0)-0-[CH2-CHR4-0]n-R7 
where R3 and R4. which may be the same or different, are each H or CHo- R, 
IS H or alkyi with from 1 to 5 carbon atoms; and n is from 2 to 50. 

9. Polymers according to any one of Claims 1 to 8 characterized in that 
said polymers comprise heparin monomer units having heparin, linked to a 
polymerizable moiety having a carbon-carbon double bond. 

1 0. Polymers according to any one of Claims 1 to 8 characterized in that 
said polymers comprise monomer units having hirudin, warfarin or hyaluronic 
acid linked to a polymerizable moiety having a carbon-carbon double bond. 

1 1 - Polymers according to Claim 9 characterized in that the heparin 
monomer units comprise vinyl, allyl. methallyl. acrylate or methacrylate groups. 

1 2. Polymers according to Claim 9 or 1 1 characterized in that the heparin 
monomer has the formula: 



or 



CH2=CR5-C(=0)-0-CH2-CHR6-[0-CH2-CHR6-]„-0-C(=0)-Heparin 



CH2=CR5-C(=O)-0-CH2-CHR6-[0-CH2-CHR6-]„-0-C(=0)-0-Heparin 
where R5 and Rg. which may be the same or different, are each H or CHo- and 
n is from 0 to 49. 



Polymers according to any one of Claims 1 to 12 characterized in that 
polymers contain additional monomer units derived from acrolein. 
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1 4. A medical device having a coating of a polymer according to any one of 
Claims 1 to 13. 

1 5. A method of forming a coating of a polymer according to any one of 
Claims 1 to 14 on a medical device, characterized by forming an ungelled 
partial polymer by reacting a solution of an amine polymer with a crosslinking 
agent, activating the medical device by solution coating with said partial 
polymer, and depositing the polymer on the resulting activated medical device. 

1 6. A method according to Claim 1 5 characterized in that the amine polymer 
is polyethylene imine. 

17. A method according to any one of claims 1 5 and 1 6 characterized in that 
the crosslinking agent is an aliphatic monoisocyanate or diisocyanate. 

18. A heparin monomer having the formula: 
CH2=CR5-C(=0)-0-CH2-CHR6-[0-CH2-CHR6-]n-0-C(=0)-Heparin 

or 

CH2=CR5-C(=0)-0-CH2-CHR6-[0-CH2-CHR6-]n-O-C(=0)-0-Heparin 
where Rg, Rg and n have the meanings given in Claim 1 2. 

19. A method of forming a heparin monomer according to Claim 1 6. 
characterized in that a hydroxyl terminated compound of the formuia: 

CH2=CR5-C(=0)-0-CH2-CHR6-[0-CH2-CHR6-]n-OH 
is reacted with carbonyldiimidazole to fomi an activated imidazoyi carbonate of 
the formula: 

CH2=CRi-C(=0)-0-CH2-CHR2-[0-CH2-CHR2-]n-O-C(=O)=lm 
wherein R5. Rg and n have the meanings given in Claim 1 8 and the activated 
imidazoyi carbonate is coupled with heparin at a basic pH. 

20. A coating material comprising a polymer according to any one of claims 
1 to 13. 

21. A coating material according to Claim 20 characterized in that it Is 
adapted for use on a surface of a medical device. 
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